When magnetic order is suppressed by frustrated interactions, spins form a highly correlated fluctuating "spin liquid" state down to low temperatures. Magnetic order of local moments can also be suppressed when they are fully screened by conduction electrons through the Kondo effect. Thus, the combination of strong geometrical frustration and Kondo screening may lead to novel types of quantum phase transitions [1][2][3].
1.4 K. The combination of a finite Kondo coupling K and the strong geometrical frustration places Pr 2 Ir 2 O 7 in the P S phase of Fig. 1 . An intriguing observation in this system is the spontaneous Hall conductivity below 1.5 K in the absence of magnetic order [5] . This was attributed to a formation of a chiral spin liquid. Here the non-zero spin chirality acts as a fictitious field and breaks time reversal symmetry. This is distinct from the topological Hall signal due to skyrmions and its related non-Fermi liquid phase in MnSi [11] .
The manifold of degenerate configurations of spin ice systems results in the Pauling entropy (R/2)ln(3/2) [12] . Classical spin ice systems, such as Dy 2 Ti 2 O 7 [12] and Ho 2 Ti 2 O 7 [13] develop two-in two-out configurations from a completely uncorrelated state at high temperatures.
Their specific heat, C(T ), exhibits a characteristic maximum upon cooling, releasing the entropy of R[ln(2) − (1/2) ln(3/2)]. Qualitatively similar behavior has also been found for insulating Pr 2 Zr 2 O 7 [14] . The ground state of spin ice is controversially discussed [15] . Pr 2 Ir 2 O 7 satisfies the requirements of spin ice formation, namely Ising type 4 f magnetic moments and ferromagnetic nearest neighbor interaction. However, the presence of conduction electrons gives rise to a RKKY-type interaction which has been proposed to mediate spin chirality [16] or spiral dipolar and XY-quadrupolar ordering [17] . We have studied the thermodynamic properties of Pr 2 Ir 2 O 7 down to below 100 mK.
Figure 2 displays our specific heat and entropy data on single crystalline Pr 2 Ir 2 O 7 . Upon cooling the specific heat passes the characteristic spin ice maximum and decreases until it reaches a minimum at 0.4 K. At this temperature the entropy approaches the Pauling value, indicating that the formation of two-in two-out spin-ice configurations is completed in all of the tetrahedra.
Further cooling below 0.4 K yields to a huge enhancement of the specific heat divided by temperature (see inset Fig. 2 ). In the absence of a clear phase transition anomaly we associate the corresponding entropy reduction to the melting of spin ice configurations by quantum fluctuations at T m ≈ 0.4 K (see arrow in Fig. 2) [18] .
Next, we turn our attention to the detection of quantum criticality in this material. The magnetic Grüneisen ratio Γ H = 1/T (dT/dH) S , which measures the change of temperature with magnetic field under adiabatic conditions generically diverges in the approach of any QCP [19] . This results from the entropy accumulation in the quantum critical regime and has experimentally been confirmed e.g. at the field-tuned QCP in the heavy-fermion metal YbRh 2 Si 2 [20] . Assuming that critical behavior is governed by a single diverging time scale near the QCP, universal scaling of physical properties like thermal expansion, specific heat or magnetization as a function The magnetic Grüneisen ratio can also be expressed by the magnetization M and specific heat [19] . Since for Pr 2 Ir 2 O 7 the low-temperature magnetization is almost isotropic at fields below about 0.5 T [5], we do not expect that the zero-field quantum critical behavior of the magnetic Grüneisen ratio discussed in the following displays an anisotropy with respect to the field orientation at low fields. for quantum critical behavior [19] . Remarkably, this temperature coincides with the reduction of the entropy below the Pauling value (T m in Fig.2 ). Whatever causes the "melting" of the spin-ice state, it also suppresses quantum criticality. As the magnetic field is increased, Γ H /H becomes temperature independent at lowest temperatures, indicating the formation of a quantum paramagnetic state, i.e. a non-critical quantum spin liquid. Assuming universal scaling near a QCP [19] , it is theoretically expected that (Fig. 3 inset) . As explained in SM, slightly different scaling relations are expected in such case, because of the quadratic coupling of H with order parameter. As a result, the Grüneisen ratio We further examine quantum criticality in Pr 2 Ir 2 O 7 by rescaling the Γ H data. In Figure 4 the magnetic Grüneisen ratio data are displayed as Γ H H vs T /H 4/3 . The measured data collapse on a common curve for about four decades in the x-and more than three decades in the y-axis.
This confirms that the system is located at a zero-field QCP. The scaling plot clearly shows the crossover between the quantum critical and quantum paramagnetic states, that are characterized by Γ H ∼ HT −3/2 and Γ H = 0.25/H (temperature independent), respectively (cf. also inset of The experimentally observed scaling exponents allow to characterize quantum criticality in Pr 2 Ir 2 O 7 . If quantum criticality is governed by a single diverging time scale [19] , the magnetic
Grüneisen ratio scales like T/(H)
2νz , yielding νz=2/3. This differs from the expectation within the itinerant Hertz-Millis-Moriya theory for magnetic QCPs. The latter predicts νz=1 for antiferromagnetism and νz=3/2 for ferromagnetism [19] . Since our system has a local moment character and only very weak Kondo interaction, it is not surprising that the observed exponents differ from the itinerant model for spin-density-wave instabilities. Furthermore, within the quantum paramag- [29] .
The previous observation of a spontaneous Hall effect, despite the absence of dipolar magnetic order, suggests a chiral spin liquid state in the temperature range [5], where our study reveals zero-field quantum criticality. Taken together, these observations support a novel type of "quantum critical spin liquid" state that may be expected from the global phase diagram of Kondo lattice materials. The observed quantum critical scaling is different from what has been predicted for itinerant systems with large Fermi volume suggesting our system to be placed within the "P S " sector in the phase diagram. Several novel quantum phases like unconventional superconductivity [26] or electronic nematic ordering [27] have been found in clean metals near quantum critical points.
In this respect the state below 0.4 K in Pr 2 Ir 2 O 7 requires further attention.
Methods
Single crystals of Pr 2 I 2 O 7 were grown using a flux method. The magnetocaloric effect and specific heat were measured respectively by utilizing the alternating field technique [28] and the quasi-adiabatic heat pulse method in a dilution refrigerator, equipped with a superconducting magnet. Specific heat measurements in the high temperature region above 2 K were performed utilizing a commercial Quantum Design Physical Property Measurement System.
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The in H-T phase space. Note the logarithmic scale for the color-coding. The crossover between the quantum critical and quantum paramagnetic regimes follows a H 4/3 dependence and is indicated by the black dotted line. The gray dotted lines encloses the phase space for which the magnetic Grüneisen ratio deviates from the scaling behavior (cf. data points in pastel color in Fig. 4) .
